Purpose. The goal of this study was to compare two sub-maximal exercise tests used in predicting VO 2 max.abs, the 3´bike Test, which has not previously been used as a functional test, and the Astrand Submaximal bike Test. 
Introduction
Aerobic endurance refers to the ability to sustain work for prolonged periods of time. During aerobic work, oxygen is obtained from air and transferred from the lungs to the bloodstream where it reaches the muscles via the circulatory system. Knowledge of an individual's aerobic capacity is important for athletes, coaches, exercise scientists, those in military service, and for others who exercise. An individual's aerobic ability may be evaluated by basing it on a number of indicators, such as VO 2 max.score, anaerobic threshold and heart rate (Hr). In practice, the most often used indicator for this purpose is VO 2 max.score [1] , which can be measured by different maximal and submaximal tests [2] . VO 2 max.score describes the maximum amount of oxygen that the body can uptake during highly intensive aerobic exercise [3, 4] . VO 2 max can be expressed as an absolute or relative. VO 2 max.absolute specifies the amount of oxygen that the body can uptake in a minute and is expressed in liters per minute (L/min). VO 2 max.relative is expressed in milliliters per kilogram or body weight per minute (ml/kg/min). A high value of VO 2 max is a good indicator of aerobic endurance, and indicates how difficult an individual may find aerobic activities such as walking, running, cycling or swimming [5] .
A number of maximal or submaximal exercise tests are often used to estimate an individual's VO 2 max.score and thus their fitness level [3, 4, 6, 7] . The maxi mal tests that evaluate VO 2 max, when compared to submaximal tests, require far more sophisticated equipment, highly skilled technicians, financing, as well as requiring the subject to be pushed to their limit (until they reach exhaustion). However, for a functional test to be widely applicable, it should be reliable, valid and should be economical in its duration as well as cost. More simpler submaximal tests, such as the Astrand Submaximal bike Test [2, 8, 9] , were found to highly correlate (85-90%) with these advanced tests in evaluating VO 2 max.
According to Foss and Keteyian, the Astrand Submaximal bike Test registers only ± 15% standard deviation from directly measured VO 2 max [10] . This test, based on the early work of Astrand and rhyming, and in addition Sjostrand, still remains to be the most frequently used submaximal test in evaluating aerobic capacity [11] . It is simple to administer as it involves only a single stage, thus it is a uniform and continual test with the same load and same pedal revolution frequency. The workload is set during the first minute and maintained throughout the duration of the test. The goal is to achieve a steady heart rate over a 5-6 minute period. The average heart rate at a particular level is then correlated to an estimate of the subject's oxygen capacity [3, 4] . VO 2 max may then be determined by using a nomogram that utilizes the workload value and steady-state heart rate [12, 13] or by using the Döbeln formula [14, 15] . As such, the goal of this study was to assess, as well as apply, a new functional 3 minute test (the 3´bike Test) that has not been previously used and compare it to the Astrand bike Test. The Astrand bike Test, as a continual test with constant load and a constant speed of pedaling, differs from the 3´bike Test, as it is a continuous test with a progressive load with a progressive frequency of pedaling. This new test was expected to be as reliable and valid as the currently used test, as well as to be more economical in terms of its duration. To accomplish this, a comparison of the interrelations between these two submaximal exercise tests (the 3´bike Test and Astrand bike Test) was performed through analysis of VO 2 max.abs.
Material and methods
The research in this study was part of the "Testing and Applying of a New Functional Test" project, assessed at the Center for Sport Medicine and recreation in Prishtina, Kosovo during 2008-2010. The procedures were in accordance with the ethical standards of the Ethics Committee of University Clinical Center in Pristina. The functional tests were performed on 1492 athletes aged 16-35 years from Kosovo. All of the athletes had been active football players for more than two years.
The necessary equipment to perform the tests was an ergo-cycle (fitness bike), a chronometer and a stethoscope or heart rate monitor. The testing procedure was as follows: the athletes were first submitted to an anamnesis to evaluate the presence of any health conditions that could restrict their participation in both of the submaximal tests. After measurement of body weight, the ergocycle was adjusted to each subject and then each athlete performed the new 3´bike Test, and after a recuperation period of approximately one hour (once they had regained pre-testing heart rate values) they performed the Astrand Submaximal bike Test.
The Astrand Submaximal bike Test was performed according to the general guidelines of this test. For the Astrand Test, the workloads of the subjects were dependent on their age and fitness capabilities (maximal load = 300 W; minimal load = 50 W; average load = 169 W). The procedure of the 3´bike Test was the same for all participants (independent of their age or fitness capabilities) and was as follows: for the first minute, a work load of 100 Watt and a pedal frequency of 60 revolutions per minute (60 rev/minute); for the second minute: a work load of 100 Watt and a pedal frequency of 100 rev/minute; for the third minute: a work load of 150 Watts and a pedal frequency of 100 rev/ minute.
For the tests, the following variables were measured: -bW -body Weight (kg); -Hr0' -Heart rate during rest; -Hr 100/60 -Heart rate in the 1 st minute of the 3´bike Test; -Hr 100/100 -Heart rate in the 2 nd The obtained data were analyzed using basic statistical parameters, multiple and partial correlation, as well as regression analysis. All of the statistical procedures were conducted with statistical software (SPSS 15, IbM, USA).
Results
The results, provided as descriptive statistics (minimum, maximum, mean and standard deviation values) of the measured variables, are shown in Table 1 . The percentage of maximal heart frequency that the athletes reached at the end of each test shows that at the end of the 3´bike Test the athletes reached 74% of their predicted Maximum Heart rate (MHr), while at the end of the Astrand Submaximal bike Test they reached 79% of their age-predicted MHr. The calculations used were:
-% MHr 3´bike Test = Hr3'/(220-Age) = 148/ (220-21) = 74% -% MHr Astrand bike Test = Hr5'/(220-Age) = 157/(220-21) = 79% L fh -60 e -0.00884T Table 2 shows the coefficients of correlation between the measured variables. Although all of the variables indicate significant intercorrelations, it can be easily noticed that their distribution appears to be split into two groups. In the first group, three variables of the 3´bike Test and VO 2 max.abs are concentrated, whereas in the second group all of the variables of the Astrand bike Test are concentrated. All of these correlations were expected, except for VO 2 max.abs, which even if calculated from a value of Hr from the 5 th minute of Astrand bike Test would have a higher correlation in the same group with all of the variables of the 3´bike Test. Table 3 shows the coefficients of partial correlation between the heart rate in the 3 rd minute of the 3´bike
Test and the heart rate in the 5 th minute of the Astrand bike Test. These two measured variables have significant partial intercorrelation, which encouraged this team to continue with other statistical procedures.
regression models, whose predictive system is based on physiological variables, achieved maximum precision in the prediction of the dependent variables and was the reason for selecting tests that contained mainly physiological variables [1] . because the variables of age and Hr5' of the Astrand bike Test are integrated as a dependent variable (VO 2 max.abs), both were eliminated from the system of predictive variables. According to the results found in Table 4 , we can conclude that the system of predictive variables (the nine measured variables) can significantly explain 44.4% of the total variability of VO 2 max.abs as a dependent variable. Whereas, as presented in Table 5 , the variable that has more predictive influence on the dependent variable can be extracted. The higher values of beta coefficients, shown in Table 5 , indicate that the variable Hr 150/100, with a beta coefficient of -0.43, has higher predictive influence on VO 2 max.abs when compared to the other variables. It is interesting that this variable has more predictive influence than the variables of the Astrand bike Test, from which it had been estimated as the dependent variable.
To explore the independent influence of the variables of each test on the dependent variable (VO 2 max.abs), a regression analysis was separately conducted for each test. 2-tailed significance at p = 0.000 Table 6 shows that the system of variables of the 3´bike Test explains for 36.4% of total variability of the dependent variable (VO 2 max.abs). Similarly, as shown in Table 5 and Table 7 , finds that variable Hr 150/100, with a beta coefficient value of -0.542, has a higher predictive influence on VO 2 max.abs as the dependent variable. Table 8 indicates that the predictive system of the Astrand bike Tests' variables poorly explains the total variability (31.9%) of the dependent variable (VO 2 max.abs) when compared with the predictive system of the 3´bike Tests variables.
According to Table 9 , it can be concluded that each variable of the Astrand bike Test has lower predictive influence on the dependent variable (VO 2 max.abs), compared with third variable of 3´bike Test (Hr150/100) (Tab. 7). It seems that the response of the cardiovascular system of the tested athletes is more utilitarian during functional increment tests (as in the 3'bike Test) than during functional constant tests.
Discussion
The aim of this research was to make a comparison between two different submaximal bike tests in order to assess the reliability and validity of a new applied functional test which has undisputed economic benefits due to its duration. The results can be discussed in view of the performed statistical analysis. The findings, based on the descriptive statistics, indicate that at the end of the 3´bike Test the athletes performed at an intensity of 74% of their age-predicted maximum heart rate, whereas at the end of the Astrand Submaximal bike Test they reached 79% of age-predicted maximum heart rate.
The correlations of the measured variables found certain distribution of their coefficients in two groups. Surprisingly, the variable VO 2 max.abs, even when calculated from the 5 th minute of the Astrand Submaximal bike Test, realized its best correlation with the variables of 3´bike Test, especially with the 3 rd variable (Hr 150/100 = 0.589). The significant partial correlation between the 5 th variable of Astrand Submaximal bike Test and the variable Hr 150/100 of the 3´bike Test points to some similarity between these two physiological variables in the two different tests.
Comparing the data of regression analyses of each test, we noticed that the system of predictive variables of 2 -adjusted multiple correlation based on the number of subjects, Sig -significance (probability) [9] . These results clarify that the VO 2 max.abs of athletes may be better assessed through submaximal continual tests with a progressive work load and a progressive frequency of pedaling when compared to submaximal continual tests with a constant work load and a constant frequency of pedaling.
Conclusion
both tests did not provoke similar maximal heart rates, with the 3´bike Test showing a lower percentage of maximal heart rate compared to the Astrand Submaximal bike Test. One could assume that to achieve a similar percentage (%) of maximum heart rate of both tests used in this research, the workload in the 3´bike Test would also need to be adjusted depending on the subject's age and fitness capabilities.
The regression models applied in this research suggest that the 3´bike Test has higher efficiency in predicting VO 2 max.abs as a dependent variable when compared to the Astrand Submaximal bike Test. Another feature in favor of this test is the lower economic cost and increased time efficiency (the duration of the 3´bike Test is 3 minutes, while the duration of Astrand bike Test is 5-6 minutes). Further tests can be carried out with subjects placed into different groups (based on similar age and psycho-physical characteristics) and additional statistical analysis performed in order to calculate the best formula of the 3´bike Test to estimate VO 2 max.abs.
